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Abstract Flyovers are constructed to manage heavy
through movement. However, traffic operations underneath
a flyover remain unmanaged and often pose a major con-
cern in developing countries with non-lane-based hetero-
geneous traffic. This may reduce the overall benefit of a
flyover. An alternative intersection layout is proposed to
improve traffic operations at the intersection underneath a
flyover. The proposed layout segregates the traffic move-
ments through effective channelization. A traffic island is
also proposed in the middle of the intersection to facilitate
concurrent right-turning movements. This layout helps in
eliminating a signal phase and cuts down traffic cycle time
by 40 %. A microsimulation-based traffic simulation
model is developed for the evaluation of the proposed
layout. The simulation model demonstrates effectiveness of
the proposed layout. Average delay and average queue
length are compared to measure the effectiveness. Traffic
volume sensitivity analysis is conducted to estimate the
capacity of the proposed layout. An intersection underneath
a flyover along the Eastern Expressway in Mumbai is
considered for the case study. The effectiveness of the
proposed layout at the study location for varying flow level
is evaluated by comparing average delay, average stop
delay, average number of stops per vehicle, average queue
length, and maximum queue length.
Keywords Intersection layout  Channelization  Traffic
operational performance  Flyover intersection 
Heterogeneous traffic
1 Introduction
At an intersection, separating the grade and allowing the
heavy traffic-movement to flow uninterrupted can mitigate
congestion. Flyover is one such grade separation, where the
through traffic-movement is bridged over an intersection.
The 1965 Blue Book [1] provided the design criteria of
two-lane highway overpass or flyover. This type of grade-
separated configuration is suitable where adjacent proper-
ties are fully developed or right-of-way is constrained by
sensitive land parcels. Overall benefit of a flyover depends
on the volume of traffic diverted from the ‘at-grade’ in-
tersection to the flyover. Previous studies for homogeneous
traffic with lane discipline have concluded that capacity of
an intersection can increase up to 300 % when flyovers are
constructed for heavy through movements along an arterial
[2]. However, this increase relies on the traffic operation
efficiency of the signalized intersection underneath the
flyover. The through traffic using the flyover experiences
no delay and the ‘reduced at-grade traffic’ improves the
operational quality at the signalized intersection. In gen-
eral, flyover helps in reducing vehicle delay at the
intersection.
In India, the space underneath a flyover is not usually
designed to facilitate simultaneous right-turning vehicular
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movements. However, developed countries use diamond
interchange, single-point urban interchange, etc., for al-
lowing such movements. These alternatives may not be
feasible as flyovers in India are constructed in urban setup
with limited right-of-way. Further, necessary detailed
geometric design guidelines for heterogeneous traffic
compositions with weak lane discipline (Indian traffic) are
not available. In these situations, alternative intersection
layouts that can efficiently manage Indian traffic have not
been studied yet. Therefore, the purpose of this study is to
develop an alternative intersection layout underneath a
flyover that improves traffic operations. A microsimula-
tion-based performance analysis of the proposed layout has
been carried out for a real world case. In addition, a sen-
sitivity analysis with seven different traffic flow levels is
conducted to measure the performances (average queue
length, maximum queue length, average delay, average
stop time, and number of stops per vehicle) of the proposed
layout.
2 Literature review
The performance measures to evaluate effectiveness, also
known as measure of effectiveness (MOE), of an inter-
section layout generally are travel time, delay, queue
length, capacity, safety, etc. [3, 4]. Although, numerous
models are available to evaluate the MOEs of an inter-
section layout for homogeneous traffic; very few are
available for heterogeneous traffic compositions. Wang
et al. [5] developed a conflict-point detection model based
on microsimulation of heterogeneous traffic (i.e., motor-
ized and non-motorized vehicles) in China. This model is
used to identify the conflict-points of existing and proposed
improvements of an intersection, which is the surrogate
measure of intersection safety. Similarly, Lu et al. [6]
considered the conflict-points at an un-signalized inter-
section to determine the level of safety for heterogeneous
traffic compositions. This model is dependent on site
characteristics, such as geometrics, traffic conditions,
roadway, environmental conditions, etc. In another study,
Abdel-Arty et al. [7] developed an influence-area-based
model to evaluate intersection safety for homogeneous
traffic. The same model can be used to analyze heteroge-
neous traffic flow at an intersection with the concept of
‘‘varied influence areas’’ [8].
Unconventional intersection layouts help in reducing
intersection delay and travel time by managing the critical
conflicting movements in a way that they no longer remain
critical. Researchers have extensively studied crossover
displaced left-turn [9–12, 13] and other unconventional
intersections and interchanges [14–16]. However, these
studies are limited to developed countries where
homogeneous traffic and strong lane discipline prevail. On
the other hand, studies focusing on unconventional inter-
section design for heterogeneous traffic are rare. Vedagiri
and Daydar [17] assessed suitability of continuous flow
intersection for Indian traffic by adopting a standard in-
tersection layout mainly developed for homogeneous traf-
fic. Similarly, Maji and Bhattacharya [18] presented the
concept of developing innovative intersections for the In-
dian scenario but the performance of heterogeneous traffic
in the innovative intersection layouts is not discussed.
Other researches related to heterogeneous traffic mainly
focus on traffic flow modeling [19], measuring influences
of traffic operational elements [20], calibration of non-lane-
based heterogeneous traffic [21], etc. Therefore, compre-
hensive research is required in intersection geometric de-
sign and traffic operations for Indian conditions.
3 Existing layout and traffic operations
Highway agencies in India and other developing nations
consider flyovers to alleviate recurring congestion at in-
tersections. Countries like USA, France, Germany, etc.,
had considered flyovers or overpass as one of the mitiga-
tion plans for congested arterials way back in the 1950s and
1960s [2]. However, with increase in operating speed and
traffic volume this layout has become obsolete for high-
speed corridors in those countries. Studies have shown that
adjacent signalized intersections along the corridor dis-
count the benefits anticipated from a flyover [2]. Generally,
the posted speed limit in major arterials and expressways in
India varies from 80 to 120 kmph [22–24]. Moreover,
traffic in low and medium income nations comprises both
low-speed and high-speed vehicles with varying sizes. It is
the heterogeneity in traffic composition that keeps the op-
erating speed low. In these countries, highway corridor
improvement plans are implemented in phases subjected to
availability of funds. Often, it takes decades to allocate
funds for adjacent intersections after a flyover is con-
structed at a location. In these situations, constructing fly-
overs over one intersection at a time provides temporary
and localized relief that extends over the corridor with
construction of subsequent flyovers.
The size of the intersection underneath a flyover de-
pends on the width of the cross road or minor road. Most
arterials in Indian metropolitan cities are median-divided
highways with three to four lanes in each direction. The
arterials are generally constructed as closed section high-
ways with a sidewalk of approximate width 2 m on either
side, while, the median width varies from 2 to 4 m with no
turn lane pockets at the intersection. Overall, the width of
the right-of-way varies from 30 to 50 m. Hence, the size of
an intersection for two intersecting arterials with six-lane
120 A. Maji et al.
123 J. Mod. Transport. (2015) 23(2):119–129
flyover along a major arterial varies from 30 9 50 m to
50 9 60 m. On the other hand, an intersection has a
smaller footprint when the cross road is of lower category
and the number of lanes on the flyover is two in each
direction. Overall length of a flyover can vary from 350 to
750 m. A typical layout of an intersection underneath a
flyover is shown in Fig. 1.
Flyovers are used for uninterrupted through movements
along its direction. All turn-movements and through
movements along the cross road is managed at the inter-
sections underneath it. Hence, depending on the traffic
volume exiting or entering the arterial with flyover, a two
to four-lane ramp is used to connect the arterial with the
intersection. The major movements from the exit ramp are
left-turn and right-turn at the intersection. Very few vehi-
cles mostly transit buses may travel straight through the
ramp crossing the intersection to pick up and drop off
passengers who need transfer at the intersection. Vehicles
from the cross road can go through, turn left or turn right at
the intersection. In India and other low and medium in-
come nations, there are wide varieties of vehicles, such as
two-wheelers, three-wheelers, mini-truck, medium sized
truck, passenger cars, mini-bus, regular sized bus, etc.,
using the highway facility. Each of these vehicles occupies
a different area and has distinct operating characteristics.
The approach to the intersection may have marked lanes;
however, vehicles seldom follow lane marking while
stopping in red traffic light. They try to squeeze in wher-
ever space is available. The two-wheeler riders zip through
the stopped four-wheelers and join front of the queue.
When the signal turns green, the two-wheelers dissipate
first followed by other vehicles.
An intersection underneath a flyover is generally sig-
nalized when the cross road is an arterial or carries heavy
traffic volume. For low volume and less important cross
roads, it remains un-signalized. If signalized, all move-
ments are controlled by split phases (i.e., there is one phase
for each direction), leading to a total of four phases. The
left-turn movements (considering left-hand driving rules in
India) usually have overlapping phases. A typical phase
diagram is shown in Fig. 2. Heavy turning volume is ex-
pected at these locations and hence, concurrent right-turn
or through movements are not allowed. Traffic-actuated
signals are not common in India. Therefore, these signals
operate at fixed-time cycle. During daytime, traffic en-
forcement officers can manually adjust the splits by ob-
serving the queue formed. Generally, the cycle length of
these signals varies from 150 to 200 s.
4 Proposed layout
In the proposed layout, the turn-movements are segregated
with positive guidance. This enables concurrent movement
of opposing right-turning traffic. All right-turn movements
are channelized by providing a channelization island (refer
to Fig. 3). The island is considered on the crossroad to split
the right-turn movements from the combined through and
left-turn movements. This island should be extended to
hold the peak hour right-turn queue. Depending on the
traffic volume, the width of right-turn bay and the through
lane could be between 3.5 and 10.5 m. A pork chop island
may be considered near the intersection to channelize the
left-turn movement from through movement (see Fig. 3 for
details). Channelization island is considered on the ramp
approaching the intersection to separate the right-turn
movements from the left-turn movements. Again, the
length of this channelization island depends on the queue
length. The width of left-turn bay could be between 3.5 and










Fig. 1 Typical layout of intersection underneath a flyover
Phase 1 Phase 2 Phase 3 Phase 4
Fig. 2 Typical signal phasing for intersections underneath a flyover
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7.0 m and right-turn bay between 7.0 and 10.5 m; whereas,
the channelization islands are designed conforming to IRC:
SP 41-1994 [25] or AASHTO [26]. Here, the through
movement along the ramp is diverted to the left, which
eventually makes a U-turn on the crossroad followed by a
left-turn to get back on the ramp. The location of U-turn on
the cross road is critical and it is expected to be within a
distance of 100–500 m from the main intersection and
beyond the influence zone of the queue formed in the cross
road. Though the distance traveled would increase by
200–1,000 m, the overall delay of the transit bus might
decrease compared to the existing configuration. The
U-turn location on cross road may be operated by a syn-
chronized two-phase signal. Great care should be taken in
deciding the width of the channelization. Considering the
driving behavior in India, providing a too narrow or too
wide width may impact the total throughput through the
channelized portion. It is recommended that a field study be
conducted in estimating the optimum width of channeliza-
tion for heterogeneous traffic with weak lane discipline.
One of the critical components of the layout is the center
island. This is a pork chop island, which provides physical
separation between concurrent movements of the opposing
right-turning traffic from the cross road and the ramp. This
island is similar to the traffic island provided in the center
portion of a single point urban interchange and should be
designed considering the design vehicle swept path. A
painted island could be adequate for a single point urban
interchange serving homogeneous traffic; however, for
heterogeneous traffic with weak lane discipline, a raised
traffic island is suggested. In the proposed layout, the
concept of ‘‘least control is the best control’’ for traffic
management is not followed because heterogeneous traffic
with weak lane discipline requires additional guidance and
control to enhance traffic safety.
The total number of signal phases can be reduced to three
with the concurrent right-turn movements. Similar to exist-
ing traffic operations, the left-turn movements can still
overlap with the corresponding right-turn movements. Also,
a left-turn on red (similar to right-turn on red for right-hand
driving rules) is allowed here. A detailed phase diagram of
the proposed layout is shown in Fig. 4. The left-turning
traffic from the cross road is served by two exclusive phases
(Phases 1 and 3), while, the left-turning traffic from the ramp
is served by only one exclusive phase (Phase 2). Hence, high
left-turning traffic volume from the ramp may influence the
Phase 2 split and signal cycle length.
5 Analysis of proposed layout using microsimulation
software VISSIM
The proposed layout is analyzed using microsimulation soft-
ware VISSIM. Simulation of the heterogeneous traffic with
weak lane discipline requires special procedure inmodeling to
address the unique characteristics of such traffic. Normally, in
VISSIM the available vehicle models are of standard types,
such as car, bus, motorcycles, and truck. However, in
heterogeneous traffic conditions there exists tractors, motor-
ized and non-motorized three-wheelers, etc. Therefore, in the
VISSIM simulation, the static and dynamic characteristics of
every vehicle type in terms of length, width, acceleration,
deceleration, and speed ranges should be defined accurately.
In the current simulation, the vehicle types considered are car,
two-wheeler, three-wheeler, light commercial vehicle (LCV),
bicycle, bus, and truck. Further, to simulate the non-lane be-
havior or weak lane discipline, certain provisions in VISSIM
are explored. For example, the total road width is defined as a
single lane of equivalent road width (say 10.5-m wide lane to
simulate a 3 lane roadway). Thedesired positionof a vehicle at
free flowcondition could be any position in the entire roadway
width. Hence, ‘‘Observe vehicles on next lane(s)’’ and ‘‘Dia-
mond-shaped queuing’’ options are checked in the simulation
software. Moreover, overtaking on the same lane is allowed
from both sides—left and right.
To determine the need for calibration, the model is
simulated with the predefined setting and various traffic
stream parameters values are obtained. These parameters
values are then compared with field values. If the error is
insignificant, the model can run with default settings.
Otherwise, the calibration steps must be followed [27, 28].
As per multiparameter sensitivity analysis conducted on
heterogeneous traffic in [28], the desired speed distribution
and minimum gap were found as sensitive parameters. In
the present study, various VISSIM parameters are













Fig. 3 Proposed intersection layout
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studies [27–29]. Validation is carried out using the field
data (queue length and delay) to confirm the prediction
capability of the calibrated model.
6 Case study
An intersection with flyover on Eastern Expressway at
Airoli-Mulund Link Road in Mumbai, India is considered
for the real world case study. Its layout is similar to Fig. 1.
Phase 1 Phase 2 Phase 3
Fig. 4 Signal phasing for the proposed layout
Fig. 5 Satellite image of Eastern Expressway and Airoli-Mulund link road intersection in Mumbai, India (satellite image from Google earth)



















Airoli Left 484 72 1,062 8 62 70 68 16 0 1,842
Through 533 98 579 3 52 44 34 14 1 1,358
Right 546 57 595 6 53 13 14 16 0 1,300
Grand total 1,563 227 2,236 17 167 127 116 46 1 4,500
Mumbai Left 139 72 571 0 4 73 52 27 0 938
Through 46 38 62 3 45 6 1 1 3 205
Right 842 107 1,172 11 67 62 125 31 0 2,417
Grand total 1,027 217 1,805 14 116 141 178 59 3 3,560
Mulund Left 286 107 335 2 6 22 41 9 1 809
Through 416 105 332 1 39 44 29 9 0 975
Right 320 122 665 0 20 99 73 17 0 1,316
Grand total 1,022 334 1,332 3 65 165 143 35 1 3,100
Thane Left 137 33 198 0 19 6 11 8 4 416
Through 32 50 48 1 23 5 4 0 0 163
Right 319 149 261 1 1 32 57 21 0 841
Grand total 488 232 507 2 43 43 72 29 4 1,420
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The Eastern Expressway connects the central business
district of Mumbai (about 20 km south of the intersection)
with the northern suburb of Thane (about 10 km north of
the intersection). The cross road is a major arterial that
connects Airoli in Navi Mumbai (about 6 km east of the
intersection) and Mulund in Mumbai (about 3 km west of
the intersection). A satellite image of the intersection is
shown in Fig. 5. At this location, the Eastern Expressway is
a median-divided highway with five lanes in each direction.
The total length of this flyover is about 750 m and the size
of the intersection under the flyover is approximately
30 9 60 m. The flyover accommodates three of the five
through lanes in each direction and the two exit-lanes are
widened to four-lane approach at the signalized intersec-
tion. Similarly, beyond the intersection, four-lanes are re-
duced to two lanes before joining the three through lanes
from the flyover. On the other hand, the Airoli-Mulund
Link Road is a six-lane (three lanes in each direction) di-
vided highway with 2-m wide median. On the east side of
the intersection, the left-turn movements from the ex-
pressway to the link road and from the link road to the
expressway are channelized by pork chop islands. The
Fig. 6 Sample snapshot of signal time allocation in VISSIM. a Existing layout with 200 s cycle length. b Proposed layout with 120 s cycle
length. c Proposed layout with 200 s cycle length
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proposed layout as shown in Fig. 3 is studied for this
location.
6.1 Traffic and simulation data
This intersection is signalized and operates at a fixed cycle
length of 200 s. The phasing scheme is similar to Fig. 2.
The queue length at the intersection along the flyover
usually remains within 200 m. Sometimes, on rare occa-
sions, it extends beyond 300 m and impacts the through
movements on the expressway. During morning peak
hours, the heavy traffic movements are in the direction of
the central business district of Mumbai (i.e., south of the
intersection) and the reverse trend prevails during after-
noon peak hours. Hence, the westbound left-turn move-
ments and eastbound right-turn movements are heavy
during morning peak hours. On the other hand, the north-
bound right-turn and left-turn movements are heavy during
afternoon peak hours. The heavy movements during
morning peak hours are served by two different phases, but
in the afternoon, heavy movements are served by one
phase. Moreover, any impact to the northbound right-turn
and left-turn movements can affect the through movement
on the expressway. Therefore, the period of afternoon peak
hours is considered as critical in evaluating the proposed
layout.
Traffic data were collected during evening peak period
(17:00–19:00) on March 28th, 2014, which was a sunny
day. The detailed turning movement counts is given in
Table 1. A microsimulation-based model for existing and
proposed layouts was developed using VISSIM. The ex-
isting layout was calibrated and validated for field condi-
tion with signal cycle length of 200 s. However, the
existing and the proposed layouts were evaluated and
compared for cycle length of 80, 120, 150, and 200 s. A
sample of the phasing scheme implemented in the
simulation models is shown in Fig. 6. Both the existing and
proposed layouts were evaluated for various MOE pa-
rameters discussed earlier.
7 Results
The calibrated and validated simulation model (see Sect. 5)
of the existing layout was further used to develop the
simulation model for the proposed layout at the case study
location. Both models were simulated for five different
seed values at various cycle lengths (80, 120, 150, and
200 s). The splits of the cycle lengths considered and the
average intersection delay are reported in Table 2. It was
observed that the minimum intersection delay for the ex-
isting layout was at 200 s cycle length; however, for the
proposed layout it was at 80 s cycle length. At 80 s cycle
length, one of the splits for the proposed layout could be as
low as 20 s. Considering the Indian traffic conditions and
driver behavior, 20 s split might be practically inadequate
to satisfy driver expectancy at this intersection. Hence,
120 s was considered as an optimum cycle length for the
Fig. 6 continued
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proposed layout. The existing layout operating at 200 s
cycle length was compared with the proposed layout op-
erating at 120 and 200 s cycle lengths. The MOE pa-
rameters considered for comparison were average delay
and average queue length. These two parameters showed
significant improvements for the proposed layout at 120 s
cycle length (Table 3). The average queue length was re-
duced by 60 %–90 %; whereas, the average delay was
reduced by 20 %–90 % with respect to the existing layout.
These improvements indicate the efficiency of the pro-
posed layout at the case study location.
Further, sensitivity analysis on performance of the pro-
posed layout was conducted at 120 s cycle length by
simulating the VISSIM model with varying traffic flow
levels (provided in Table 4). First, the present flow level
(i.e., flow level III in Table 4) was varied by step size of
33 % to obtain flow level I (33 % of the existing flow),
flow level II (67 % of the existing flow), and flow level IV
(133 % of the existing flow). The results at these flow
levels demonstrated abrupt change in MOE parameters
from flow level III to IV. Hence, additional three flow
levels (i.e., flow level IIIa, IIIb, and IIIc) with smaller step
size were considered in between the flow levels III and IV
for the sensitivity study.
The MOE parameters considered in the sensitivity study
were average delay, maximum queue length, average
queue length, average stop time, and number of stops per
vehicle. The sensitivity study results are presented in
Table 5. It was observed that all MOE parameters con-
sidered increases with an increase in traffic flow level. The
Table 2 Cycle and phase lengths considered and corresponding intersection delay
Alternatives Cycle length (s) Phase 1 (s) Phase 2 (s) Phase 3 (s) Phase 4 (s) Average intersection delay (s)
Existing 80 25 25 10 20 118
120 35 35 20 30 75
150 40 50 20 40 72
200 70 60 20 50 56
Proposed 80 25 20 35 – 16
120 40 30 50 – 18
150 50 40 60 – 29
200 70 50 80 – 36
Table 3 Average delay and average queue length of existing and proposed layouts
Intersection approach Existing layout Proposed layout
200 s cycle length 120 s cycle length 200 s cycle length
From To AD (s) AQL (m) AD (s) AQL (m) AD (s) AQL (m)
Thane Right and left 102 29 11 8a 17 11a
Thane Through 102 29 NAb NAb NAb NAb
Airoli Right 121 177 24 23 81 36
Airoli Through and left 121 177 24 36a 81 110a
Mumbai Right and left 55 60 30 49a 37 57a
Mumbai Through 55 60 NAb NAb NAb NAb
Mulund Right 100 104 26 24 71 46
Mulund Through and left 100 104 26 28a 71 123
AD the average delay and AQL the average queue length
a Indicates left direction queue length as zero
b Indicates diversion of traffic from through direction to left as described in Sect. 4 (proposed layout)





I II III IV IIIa IIIb IIIc
Airoli 750 1,500 2,250 3,000 2,500 2,625 2,750
Mumbai 600 1,200 1,800 2,375 2,000 2,100 2,175
Mulund 500 1,000 1,500 2,050 1,725 1,800 1,900
Thane 225 500 700 950 800 825 850
Total flow 2,075 4,200 6,250 8,375 7,025 7,350 7,675
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right and through movements from Airoli as well as left
and through movements from Mulund showed significant
increase in MOE parameter values beyond the traffic flow
level IIIb. Hence, the proposed layout if implemented at the
case study location would operate better than the existing
condition up to traffic flow level IIIb for cycle length of
120 s. Similar observations can be made from Figs. 7 and
8. Here, the horizontal lines represent the average queue
length (AQL) in Fig. 7 and average delay (AD) in Fig. 8
for the existing intersection operating at 200 s cycle length
with the present level of traffic flow; whereas, the vertical
bars represents AQL and AD at various traffic flow levels
for the proposed layout operating at 120 s cycle length. At
traffic flow level IIIc and IV, AD and AQL for the pro-
posed layout operating at 120 s cycle length increases
significantly and is comparable to the existing intersection
at its present state. In fact, the expected AQL for through
movements along the cross road connecting Airoli and
Mulund, and the left-turning movement from Mulund
would be more than the existing scenario. However, the
AQL of right-turning movements from any direction for all
flow levels considered (except from Mumbai for flow level
IV) is better than the existing scenario. It is to be noted that
the right-turning movements are critical for left-hand
driving rules in India. Moreover, the AD for traffic
movements from any direction at all flow levels considered
Table 5 MOEs for performance evaluation of the proposed layout
MOE Approach Flow level
From To I II III VI IIIa IIIb IIIc
Avg. queue length (m) Thane Right 4 7 8 9 8 9 9
Thane Left 0 0 0 0 0 0 0
Airoli Right 9 15 23 159 30 32 108
Airoli Through 7 16 36 326 66 103 239
Airoli Left 0 0 0 0 0 0 0
Mumbai Right 12 28 49 72 32 36 44
Mumbai Left 0 0 0 0 0 0 0
Mulund Right 8 15 24 58 28 32 36
Mulund Through 4 12 31 222 64 70 144
Mulund Left 1 7 25 214 58 62 138
Max queue length (m) Thane Right 22 24 32 40 36 33 34
Thane Left 0 0 0 0 0 0 0
Airoli Right 33 59 90 458 126 122 376
Airoli Through 53 96 197 473 259 285 449
Airoli Left 0 0 0 3 0 0 0
Mumbai Right 62 94 168 224 137 158 185
Mumbai Left 0 0 0 0 0 0 5
Mulund Right 34 68 93 296 109 124 193
Mulund Through 49 107 165 309 212 232 297
Mulund Left 43 101 159 302 206 226 291
Avg. delay (s) Thane All 9 10 11 11 11 11 11
Airoli All 16 18 24 93 34 44 82
Mumbai All 21 24 30 37 22 24 26
Mulund All 12 18 26 95 37 39 64
Avg. stop time (s) Thane All 7 8 8 8 8 8 8
Airoli All 13 14 17 53 22 26 47
Mumbai All 17 14 22 28 16 17 19
Mulund All 9 12 18 62 25 27 42
Stops/vehicle Thane All 0.25 0.29 0.32 0.33 0.33 0.34 0.32
Airoli All 0.40 0.50 0.74 4.22 1.17 1.70 3.71
Mumbai All 0.61 0.78 0.91 0.99 0.67 0.72 0.80
Mulund All 0.32 0.53 0.82 3.86 1.23 1.33 2.51
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is lower than the existing scenario. This indicates that the
proposed layout if implemented at the case study location
would serve well for considerable time in future.
8 Discussion and conclusion
A new intersection layout applicable at intersections under
a flyover for Indian traffic conditions is proposed in this
paper. The performance of the proposed new layout is
evaluated for a case study location in Mumbai, India. Both,
existing and proposed, intersection layouts for this location
are modeled and simulated using microsimulation soft-
ware, VISSIM, for the performance evaluation. Various
MOEs such as average delay, queue length, number of
stops per vehicle, average stopping time, etc., are compared
in the evaluation process. It is observed from the simula-
tion results that the proposed new layout is promising and
operates efficiently compared to the existing layout. The
proposed intersection layout demonstrated significant im-
provements in average queue length and average delay. It
also helped in reducing the number of phases required to
manage traffic in the present scenario and thus cut down
the cycle length. Overall, if the proposed layout is adopted,
the intersection level of service would improve consider-
ably and the available intersection space could be segre-
gated effectively to efficiently and safely manage the
heterogeneous traffic.
The channelization islands and the raised traffic
separators proposed in the layout could be a concern to the
highway agencies maintaining the intersections. Traffic
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Fig. 8 Average delay of the proposed layout at various flow levels and existing scenario
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may require frequent maintenance of the channelization
islands and the raised traffic separators. Moreover, it would
create enclosed sections that require additional care for
effective rain water drainage and snow removal at locations
subject to snowfall. In contrary, the channelization islands
and the raised traffic separators are helpful in providing
effective guidance to the driver population. It also enables
to safely manage the simultaneous right-turning movement
that is not common in India. Hence, the proposed layout
would implicitly help in implementing safety enforcement,
providing training and education to the driver population
who do not display lane discipline.
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